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We present investigations of the potential between static charges from a simulation of quantum gravity coupled 
to an SU(2) gauge field on 6'^ x 4 and 8'^ x 4 simplicial lattices. In the well-defined phase of the gravity sector 
where geometrical expectation values are stable, we study the correlations of Polyakov loops and extract the 
corresponding potentials between a source and sink separated by a distance R. In the confined phase, the 
potential has a linear form while in the deconfined phase, a screened Coulombic behavior is found. Our results 
indicate that quantum gravitational effects do not destroy confinement due to non-abelian gauge fields. 



1. INTRODUCTION 

The biggest problem in constructing a grand 
unified theory of all fundamental forces is to in- 
clude the gravitational interactions because one 
encounters severe difficulties in quantizing grav- 
ity. The perturbative treatment suffers from the 
well-known problems of the unboundedness of the 
action and non-renormalizability. Regge Calcu- 
lus provides a non-perturbative way for investi- 
gations of the Euclidean Einstein action, called 
Regge-Einstein action in this context, on a lat- 
tice and offers the possibility to construct a uni- 
fied theory by coupling gauge fields to the skele- 
ton. One of the interesting results of such inves- 
tigations was the discovery of an "entropy domi- 
nated" smooth phase in quantum gravity, where 
the expectation values with respect to the pure 
Regge-Einstein action are stable [1]. The next 
logical question was to address the physical rel- 
evance of this regime. Efforts in this direction 
have been made by coupling a non-abelian gauge 
field to gravity [2]. If one assumes that the world 
without gravity is described by a grand unified 
asymptotically free theory, these numerical stud- 
ies investigate the relation of the hadronic scale 
to the Planck scale. In particular, one is inter- 
ested whether confinement exists and hadronic 
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masses (deconfinement temperature, string ten- 
sion, etc.) may be chosen small compared to the 
Planck mass. In this work, we perform a non- 
perturbative, finite temperature study of the be- 
havior of the static quark potentials in the cou- 
pled system of quantum gravity and SU(2) gauge 
fields in four spacetime dimensions and extract a 
value for the string tension in the confined phase. 

2. THE MODEL 

In Regge Calculus the edge lengths are taken 
to be the dynamical variables of the discretized 
spacetime manifold and in four dimensions the 
curvature is concentrated on triangles. We choose 
a hypercubic triangulation with x Nt vertices 
and a scale-invariant measure in our simulations: 

where / is used to denote the link label as well 
as the length. The system of SU(2) gauge fields 
coupled to quantum gravity has the action [2] 

S = 2mlY, Atat " f ^ ^ Re[Tr(l - Ut)] ,(2) 
t t 

with the bare Planck mass nip and the gauge cou- 
pling [3. At and at correspond to the area and the 
deficit angle of the triangle t while the weights 
Wt describe the coupling of gravity to the gauge 
field. Ut is the ordered product of SU(2) matrices 
around t. 
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The Polyakov loop P(R) in the short extent 
Li of the lattice describes the propagation of a 
heavy quark and acts as an order parameter. As 
in conventional SU(2) lattice gauge theory at fi- 
nite temperature T, we extract from the correla- 
tion function 

{PiO)PHR)) = eM-^ViR)], (3) 

the quantity V(R) corresponding to the potential 
between the heavy quark-antiquark pair. In the 
confinement phase, V(R) should grow linearly for 
large R due to an infinite free energy of isolated 
quarks, while in the deconfinement phase, one ex- 
pects a screened Coulombic behavior: 

— (X 

V{R) = — — - -|- (jR (confinement) 
R 

— (X 

= — — - exp(— //i?) (deconfinement) ,(4) 
R 

where a is the string tension, a the Coulomb pa- 
rameter and /J, the Debye screening mass. 

We define a length scale by setting the ex- 
pectation value of the volume of a pentahedron 
(vp) to be a constant. The quantity /q = (vp)* 
serves as a length unit. In the well-defined phase 
of gravity expectation values are stable and the 
physical Planck mass nip can be related to /q 
by mp = nip x Iq^ ■ In the context of quantum 
gravity, there exist reasons to consider a funda- 
mental length [3] as physical, which then defines 
a natural cutoff. For the hadronic masses nih , 
one expects an asymptotic scaling law from the 
renormalization group equation [2]. If this scal- 
ing could be observed, our simulations relate to 
the physical region in the same way as standard 
lattice gauge calculations do. In addition, clas- 
sical gravity should be recovered for macroscopic 
distances. 

To address the issue of the two different length 
scales, the Planck mass should turn out large 
in comparison to the hadronic mass. In our 
finite temperature x Lt lattices, decreasing 
the length unit /q means increasing the gauge 
coupling which is restricted by a critical value, 
l3 < l3c. To allow larger /3c values the temporal 
extension has to be enlarged, making sure simul- 
taneously that the smooth phase of gravity does 
not break down, nip < ni^, with the border of the 



smooth phase > 0. In this study, we extend 
the previous Ni = 2 investigation [2] to Ni =4. 
We find that k, 0.025 is almost unaffected 
by the accompanying increase in [3^. The corre- 
sponding deconfining temperature is defined by 
Tc = ll{Nt{xi)t) with {xi)t the link length in the 
short direction of the skeleton. This gives from 
= 2 to = 4, an increase in the mass ratio 
nirjTc by about a factor two. 

3. NUMERICAL RESULTS 

We performed our simulations on a 6^ x 4 lat- 
tice first and then, to extract a value of the string 
tension, on an 8^ x 4 lattice. We measure the po- 
tentials between external sources by computing 
the correlations of Polyakov loops along the main 
axes. Fig. 1(a) presents the static quark poten- 
tials in the presence of gravity, whereas Fig. 1(b) 
depicts the situation with gravity switched off. To 
the best of our knowledge. Fig. 1(b) is the first 
investigation of SU(2) potentials on a fiat sim- 
plicial lattice. Fig. 1(a) shows that V{R) with 
nip = 0.005 in the "entropy dominated" phase 
behaves very differently in the two phases of the 
gauge field. For [3 = 1.55 the potential rises 
steeply with R, while for [3 = 1.60 it is relatively 
fiat suggestive of a screened Coulombic behavior. 
In Fig. 1(b) we compare with the potentials from 
pure gauge simulations on the fiat simplicial lat- 
tice at two values of [3 below and above the de- 
confinement transition (/3 = 1.02 and [3 = 1.10). 
Qualitatively, the shape of the potentials is sim- 
ilar to that of Fig. 1(a). The solid lines are fits 
to the potential according to Eq. (4). The fit pa- 
rameters of the deconfined phase will be discussed 
elsewhere. On the fiuctuating lattice, a value of 
the string tension cr^j.™? = QAM{'d){xi)-^ {xi)'^ 
is extracted from the first three points with a = 0. 
The average link along the main axes has a value 
of {xi)g {xi)t ~ 3.3/o- Our data in the confined 
phase resolve practically no Coulomb effects in 
the potential between the quark sources. It is too 
early to comment on whether quantum gravita- 
tional effects may be responsible for such a be- 
havior. For the pure gauge case, a string tension 
value of (t}™/ = 0.389(7)a-2 is obtained with 
a = 7r/12. The lattice spacing a on the fiat lat- 
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tice can also be expressed in units of /q, a ~ 2.2/o- 
Finally, we comment on the distance R between 
quark sources on a fluctuating skeleton. The cor- 
rect distance between two points should be mea- 
sured using geodesic distances. The geometry is 
known to be Euclidean only inside the pentahe- 
dron with the curvature on the triangles. We take 
the distance R between the source and sink to be 
equal to the index distance along the main axes 
of the skeleton. This seems a reasonable approx- 
imation in the well-defined phase with small cur- 
vature fiuctuations. Other proposals using the 
methods of scalar field propagation [4] require 
corrections at small distances and turned out to 
be unsuitable for our purposes. 

4. CONCLUSION 

We have studied static SU(2) quark potentials 
in the presence of quantum gravity and find that 
confinement from the non-abelian gauge fields is 
not destroyed by quantum gravitational effects. 
In the confined phase we get a potential linearly 
rising with R, and in the deconfined phase we see 
a behavior resembling a screened Coulomb poten- 
tial. We have extracted string tension values in 
the confined phase for both the coupled system 



of quantum gravity and SU(2) gauge fields and 
for the pure gauge theory on a simplicial lattice 
without gravity. We have noted that the "entropy 
dominated" phase seems to be stable with the in- 
crease in Ni. A decrease in the ratio Tc/nic by 
a factor two was observed. To present evidence 
for a further fall-off in this ratio would require 
simulations on lattices with larger Ni extensions. 
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